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RATIONAL ADVISOET COMMITTEE ?0B AERONAUTICS 
MEMORANDUM REPORT 
for tho 

Army Air Eorcee, Mr.toriol Command 
A LAB0.TAT0HT-T3STED CONSTANT-LEVEL OIL SUMP TO PEEVE11T 
AERATION OT SCAVENGED OIL FROM AIT AIT.GPJYI EHGIHE 
By I. Irving Pinkol and Howard D. Plnmly 

SUMMARY 

A combination oil sump and scavongo pump was constructed to 
olininp.to none of tho oil-ayston difficultiOB in an aircraft ongine 
that rcnult frou tho aeration of tho scavangod engine oil and tho 
air-lock of the ccavango pump. Air is prevent od frora ontoring tho 
scavongo pump by a column of oil in tho sump abovo tho pump inlot. 
This column of oil is naintainod "by returning somo or all if tho 
ocavongo-pump delivory t? tho sump. An automatic valve, controlled 
"by tho oil lovol in tho sump, regulatoc tho flow of tho oil bypassed 
to tho sump. 

Laboratory oil-scavenge teats wore conducted with a constant- 
lovol oil auiip at eoa lovol and tho valuo of such a dovico for pre- 
venting oil aoration and ocavenge-pump air-lock was dotormincd. 
Those teats shoved that tho dovico does prevont tho aeration of 
scavenged oil and acavongo-punp air-lock. Teste of tho dovico 
under conditiona sir.iulatir.^; altitude flight, nountod on a nulti- 
cylindor full-oorlo engine on a torquo stand, pjid in fli.'jht aro 
warranted by the results of tho laboratory tosts. Dotails of tho 
construction of tho dovico aro includod. 



INTRODUCTION 

Tho invostigation described in this report is part of tho gon- 
oral study of tho problon of engine oil scavenging roquoated "by tho 
Army Air Torcoc, Katoriol Command. Tho work roportod coverc sea- 
lovol lphoratory tosts of a conatant-^lovel crankenso oil sump that 
is dooignod to prevont the aoration of Bcavongod oil and tho air- 
look of tho scavongo pump. 

In prosont oil systona tho aoration of tho scavangod oil occurs 
bocauso tho scavongo pump, which circulates oil from the engino sump 
to tho oil tank, has a capacity as groat as tvlco that of the pres- 
sure pump, which circulates oil from tho tark to tho engino. Tho 
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excess capacity of the scavenge pump is satisfied with crankcase gas 
that flows to the oil tank with the oil where it often produces oil 
foam. Sufficient foam can accumulate to fill the oil-tank air 
space, the oil-tank vent line to the crankcase, and the crankcase. 
When this foaming condition exists, oil foam is observed to pour from 
the engine breather. The oil lost as foam can represent an appre- 
ciable part of the total oil supply. 

A second oil-system difficulty that if? attributable to over- 
capacity of the scavenge pump is the frequent loss of prime, which 
occurs when the scavenge pump has removed all the available oil from 
the engine oil sump . At altitude, where the atmospheric pressure is 
low, the scavenge pump is slo-.v to prime and sufficient oil can accu- 
mulate in the crankcase to cause some oil to be lost through the 
engine breather with the blow-by gases. It is believed that many 
instances of oil loss from the engine breather are erroneously attri- 
buted to oil foaming when an air-locked scavenge pump is really at 
fault. 

A combination sump and pump that maintains the oil level in the 
sump at a specified height above the scavenge-pump inlet has been 
constructed and tested at the NACA Aircraft Engine Research Laboratory 
during the period from October to December 19^3 • The maintenance of 
a column of oil above the scavenge-pump inlet at all times during 
level or near level flight, no matter what the rate of flow of oil 
into the oil sump may be, prevents *»ir from entering the scavenge 
pump to aerate the oil or to air-lock the pump. The oil level in 
the sump is maintained by an automatic scavenge-pump -delivery bypass 
valve which returns some or all of the scavenge-pump delivery to the 
engine sump as required to maintain the sump oil level. 



DESCRIPTION ADD OF^RATIO!' OF CONSTANT-LEvHL OIL SUMP 

A sketch of the sump and scavenge pump is shown in figure 1. 
The pump P is attached to the under side of sump A and is driven 
by hollow spindle S, running in bearings 3 and B'. Spindle S 
is powered from the engine accessory drive through gear G. Sump 
oil flows to the pump inlet through tube T. The large channel in 
bearing B is provided to conduct pump delivery oil to spindle S 
where an automatic valve arrangement controls the quantity of oil 
bypassed back to the oil sump. 

The automatic bypass-valve mechanism is made up of spindle S, 
rotor assembly R, and sleeve valve V (figB. 1 and 2). Rotor 
assembly R is mounted on spindle S and turns with it by means of 
pin S]_, which is fastened to S and extends through cam slot 
in sleeve R^. Rotor assembly R is free to rotate on spindle S 
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within the limits imposed by the length of the cam slot Rgf which 
is inclined U£° to the spindle axis and is so directed that the lift 
- ' and drag forces on the. rotor-assembly blades moving through the oil 
In the sump trill cause the rotor to turn and rise on' the spindle. ■-- 
Sleeve valve V slides inside spindle S and is fastened to rotor 
assembly R by pin V3. This pin extends through cut-outs S2 
and S2 1 in the spindle and moves sleeve valve V with the rotor 
assembly. Forts Vj. and V^' are always so positioned in cut- 
outs S2 and S2 1 , no matter -what the orientation of the sleeve 
valve, that the hollow center of the spindle is always in flow commu- 
nication with the sump. k second pair of ports V°2 and V 2 ' near 
the lower end of the 3 leave valve are exposed through spindle cut- 
outs and S^' when the sleeve valve is at its lowest position 
(fig. 2(a)) and are completely concealed by spindle S when the 
sleeve valve is at its itf-grhest position (fig. 2(b)). BecauEe the 
sleeve valve moves with the rotor assembly, the area of ports V 2 
and V2* exposed through cut-outs S2 and S2' will depend on the 
elevation of the rotor assembly. 

One end of spring IT is fixed to spindle S and the other to 
rotor assembly R. The spring force tends to turn the rotor assembly 
in the direction of rotation of the spindle end therefore acts to 
lower the level of the rotor assembly. The lift and drag forces on 
the rotor assembly spinning .In the sump oil, acting through cam slot R2 
and pin S]_, exert a torque on the rotor assembly that is directed 
opposite to and exceeds th?.t produced by the spring. As long as the 
oil level in the sump is above the highest level the rotor blades can 
assume, the rotor assembly is maintained at its highest level and 
ports V2 and V^' ^re concealed in the spindle. "flhen the oil level 
falls, the rotor assembly and sleeve vplve drop with it under the influ- 
ence of spring N and ports V2 and V 2 ' are exposed. 

The constant- level sump operates as follows: Oil pours into the 
sump from the various sections of the engine and follows the path 
indicated in figure 1. If the rate at which the oil enters the sump 
exceeds or equals the capacity of the pump, the rotor assembly assumes 
its highest level and the bypass ports V 2 and V^' are closed. 
Because the scavenps-pump capacity exceeds that of the pressure pump 
delivering oil to the engine, the sump oil level will eventually drop 
below the maximum rotor level. The rotor will follow the oil level, ' 
and bypass ports V2 and V2 1 ^iH open to permit some of the scav- 
enged oil to pass into the sump via the hollow spindle S and ports 
and V1 1 . If the oil flow into the sump becomes steady, the rotor 
will assume a level such that the proper amount of scavenge-pump oil 
is bypassed to the sump to maintain this level. The flow of oil to 
the oil tank is than equal to that entering the oil sump. When the 



oil flow to tho sump stops, the oil level, and with It tho rotor, 
drop to tho lowost rotor position. Bypass porta Vg and 7 2 ' aro 
wide opon and, if tho various ports and channels in tho bypaaa systoin 
aro large enough, all tho acavenge-pump delivery is aont back to tho 
sump. A minimum oil-sump level is thus established that is sufficiont 
to keep tho scavongo punp and its inlot filled with oil in lcvol or 
near lovel flight at all tinea. Aeration of tho oil by the scavenge 
pump and loss of prime does not occur. Oil foaming is miniuizod *\nd 
crankcase flooding duo to alow acavengo-pump priming is provontod. 

Loss of Bc?.vrngo-pump primo will occur with this oump during a 
stoop dive or inverted flight. Hhon normal flight is resumed, tho 
sump bypass vp.1vo will bo opon for a Bhort tine and tho scavenge pump 
should prime more quickly than tho scavenge pump of a conventional 
oil systom, which must remove tho air from tho pump against tho flow 
rosistanco of tho oil in tho linos to tho oil tank. 



DISCUSSION 
Tost Eesults 

Laboratory tests of a scavongo punp-sump combination similar to 
the one described in this report have shown that the device is reliable 
and aatiafactorily fulfills ita function at spindle rotational speeds 
as low as 700 rpm. The whirling of the rotor assembly produces little 
or no aeration of the oil. Some oil-foam breaking is accomplished by 
the mechanical and centrifugal action of the rotor on the oil foam. 



Design Recommendations 

Aeration of the sump oil by the returning bypassed oil is avoided 
if provision is mpde for introducing this bypassed oil below the oil 
level in the sump. If the bypassed oil is permitted to strike the 
oil surface or even the walls of the sump at high speeds, considerable 
air will be mixed with the oil. Jor this reason, the throttling 
bypass ports corresponding to Vg and Vg' should be immersed in the 
oil. In the design described, the bypass ports Vg and Vg 1 are 
covered by a column of oil inside spi.idle S reaching to ports Vi 
and V^ 1 , which are large and always open wide. This oil column 
will always be present no matter what angle the oil surface in the 
sump may assume relative to the sump axis during nonhorizontal flight. 
Ports V]_ and V1 1 should be located well below the minimum oil 
level. The oil-level control mechanism should be designed to operate 
at engine speeds as low as one-half the normal idling speed. 
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A proposed method of attachment of the conatant-lovol sump to 
the engine crankcase is schematically illustrated in figure 3* The 
" exact method of driving the spindle is not .shown "because it will 
depend on the design of the accessory section of the engine. ' The 
solenoid valve shown on the scavenge-pump bypass line is used to 
shut off the bypassed oil flow in the event of failure of the sump 
oil-level control mechanism or when the engine is rotated at speedB 
too low to cause the oil-level control mechanism to operate, as 
during engine starting. When the oil bypass system is closed, the 
sump and pump will operate in the same manner as current scavenge- 
pump systems. 



Aircraft Engine Hesearch Laboratory, 

Hational Advisory Committee for Aeronautics* 
Cleveland, Ohio, April 6, 1944. 
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(a) Bypass port open. (b) Bypass port closed. 
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Figure 2. - Detail of oil sump level control value. 
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Figure 3. - Proposed sump attachment to 
crankcase. 
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